Abstract. The Goddard program of gamma ray burst studies is briefly reviewed.
Introduction
Gamma ray burst observations. after sp.ven years of necessary delay since their discovery (Kleb£sade1 et al •• 1973) , have proceeded from accidental detection to detailed phenomenOLogy. We at Goddard have been fortunate to have been involved in certain of the various high-resolution spectral, temporal and directional studies, outlined herein, that are finally contributing to a clearer picture of gamma ray transients. Gamma ray bursts now appear to form at least one if not several of a variety of possible transient classes, some if not most of which may be linked to neutron Rtar processes because of their spectral qualities. An extragalactic origin for at least one of these is def~nitely indicated, however.
which is clearly distinct in its many unusual features. We believe that these results indicate the need for a great deal of future study. Some of the possible directions to future progress in this discipline are outlined. project to .earch for cele.tial low-anerlY y-ray trandel! ta tben .. sw.cl to be . . ectad (roll dUtAllt .upenovae (Colaate, 1968) and \of-.uaht to be po.sible frOIl plactic pulaan, black hol .. and/or aourc .. of x-ray variability. We were alao then attempting to .earch tbroUlb our existina solar flare monitor recorda from OGO-l, -3 and -5 and IHP-6 to find any increaaes of no~ '.olar oripn that could be coaparecl witb data simultaneously collected with other spacecraft. these solar flare IIOllitora were instrumented for transients of tens of seconds to .everal ad.nutes duration, and, except for IMP-6, were not continuously monitored at all enarlY thresholds. Also, maIDetospheric variations of all characters were encountered in the Earth orbits of these satellites. The unpromia1ng result wa.
that very few candida, .. transient events were found. As this prolram was beinl outlined at the Leece Conference on Supernovae and Supernova Remnants (Cline and Desai, 1973a) , we beard of the Los Alamos discovery of lemma ray bursts (Klebeaadel et al., 1973) . (In retrospect, liven the present status of the 1979 March 5 event, 8upernova rf!llnants were not the wronl place to belin!) We lOon found that several of the Vela events of 1971-2 were amana our candidate list ad several .ore were abo concealed in tbe OGO/IMP data as well. Thus, our reports, confin1nl the validity of the Vels events and making the first spectral measurements of g . . . -ray bursts, were circumstantially p~ssible immediately (Cline and Desai, 1973b; Cline et al., 1973) . Unfortunately, there was no overlap on the OGO-l -3, -5 or IMP-6 coverage throughout the 1964 to 1972 time period. However, one of the events in our candidate list that we had notified W. Wheaton and M. Ulmer about, that was also in the Vela lilft', was found in the 050-7 data. Because of the directionality of the 050-7 telescope, this provided the first confirmation of a Vela-derived event direction (a fairly significant result at the time, given the nature of the trians-" :3 ul.t1on 8ch... then employed usinl data from the Earth-orbitinl Vela spacecraft) and it also extended the ranle of the spectral observations to the region from 20 to 100 keV (Wheaton et al., 1973) .
The IHP-7 satellite had been also instrumented with a much earlier desianed but slightly improved solar flare monitor, basically similar to the IMP-6 sensor.
Within a few months this experiment produced additional spectral data on a number of events, all of which involved coarse energy resolution and time averaging so slow tl,at only all-event averages were obtained (Cline and Desai, 1975a) . The intriguing result, nevertheless, was that the event-average spectra were all mutually similar and similar to the one high stattstical accuracy event spectrum obtained with Apollo-16 (Metzger et al., 1974; Trombka et al., 1974) . As we can now infer, there is considerable second-order variability with time and there do p.ixst nuclear and annihilation lines in gamma-ray transient spectra (Mazets et al.; Teegarden and Cline; in these proceedings). The need for a second-generation study of the correlation of spectral similarity or variability with extent of line contribution i~ now indicated.
The OGO/IMP solar flare instrumentation prOVided neither the time structure information on the millisecond to second scale, useful for gamma ray bursts, nor additional directional results. However, the IMP-7 results in the 1973-1975 period were of sufficient sensitivity to extend the range of the size spectrum; this provided. evidence that the Vela turn-over was instrumental, and that the -1.5 index power law, expected from an undefinitely extended source volume, was not yet Violated (Cline and Desai, 1975 The 1974 balloon flight of a large scintillator, planned earlier as a search for transient activity in the all-sky gamma ray flux, was undertaken. It showed variability, but indicated no events clearly identifiable as Vela-type bursts.
The upper limit to the small-event size spectrum was also entirely consistent with an extrapolation of the -1.5 index power law portion of the Vela size spectrum.
The following year we conducted the simultaneous exposure of two balloon-borne instruments, separated by several hundred miles in order to avoid strictly local effects of possible magnetospheric origin. To our knowledge, this was the only attempted and/or successful dual balloon flight of that kind: its resul~~ were too meagero. and required too much good fortune to justify continuing the same prog~4m.
A wide variety of fluctuations were observed, but showed only an effect of temporally associated variations, and indicated none that were actually ~imu1taneous in time and outside statistically expected background fluctuations. Again, the small-event size spectrum upper limit was not inconsistent with a -1.5 index power law extrapolation (Cline et a1. t 1975b} A recent study with a more.
sensitive detector (Fishman et a1., 1978) is the first suggestion of a small-event turn-over in the size spectru~ The need for continuing this kind of study is evident in terma of the po.sibility ~t a low-latitude or southern hemisphere expoeure .. y provide a plactic plane aniaotropy of small events.
Helios-2 ObeeTYatlons
At the time of the discovery of gamms-ray burets, it was apparent that the accur.cy il therefore Ie •• than the othera.
The 28 January 1976 aamma-ray burat, the firat confirmed 8eliol-2 event. v ..
• 110 ob.erved with the X-ray .ky Burve, instrument on the Ariel-, .atellite.
ORIGINAL PAGE IS

OF POOR QUALITY
---=- (Cline et al •• 1979b) .
Another result of the oblervations of thue events was that the intensiti .. MeV (Jacoblon et al., 1978) . The inltru~nt field of view for that observation (Cline et al., 198Oa) . The data illustrated In thesa figura, are fro. Goddard expedmention 15£1-3 and Hellol-2; the ISEE-3 .cintillator, 8i.llar to that on He110s-2 11 one of threl Goddard .enaor. on that spacecraft (Cline et a1., 1978 allouree (Cline, 1980 .tar. the density of bare neutron stars has been estimated to be considerable (Oatriker et al., 1970 ) and these objects may ultimately therefore be foun~ to relate to typical g8lllll& ray bursts. If N49, within the L~!C, is the source of the March 5 event. why is· there not an event distribution containing even brighter, similar transients from closer objects within our galaxy and extending to include hundreds DIOre that would be above detectable thresholds within the last few years?
5.95
(Even if the event originated from a relatively nearby object, one would expect that the size spectrum would contain more than the three "fast" Vela events catalogued in tne last decade (Klebesadel, p!i. comm.) that are of < 0.3 second duration). Both these anomalies can be made to fit the construct that a supernova remnant can produce a transient of the March 5 class apprOximately once, or rarely, if ever, during its lifetime. Then the rate of occurr~ce of these events is the Slme as the rate of occurrence of supernova, and the detection of only one'in ten years from our galaxy and its satellites is entirely self consistent. This assumption can be verified with the large-area MSFC sensor to be flown on the Gamma Ray Observatory, which is of adequate sensitivity to detect similar shortduration events from the Virgo supercluster (Fishman et al., these Proceedings) .
One conceivable explanation within this framework is to assume that after sufficient time has elapsed for the condensed object to catch up to its remnant shell, wldch cannot have slowed down sufficiently. for this to occur until it is 4 'relatively' old (N49 is perhaps> 10 years; Mathewson and Clarke, 1975) , then the density of matter becomes adequate to permit gradual accretion to significant proportions for an internal transition in the neutron star to be ultimately required. Consistent with this suggestion is the amount of mass-energy in the March 5 event at N49, given reasonable assumptions as to the conversion efficiency factor, the density of matter in the shell and the matter accumulation time (R. Mushotzky anc P. Meszaros, pri. comm). Another consistent feature is that the 14 tt.. constant for dissipation of internal, aravitational energy in a neutron star of 1.4 ~ i. be~een 80 and 200 milliseconds (Thorne, 1969; Detweiler, 1975) .
entirely cona:J.stent with the intense portion of the !-farch 5 event. Details of these and oth~r speculations need specific attention before any model for the source process can be considered to be an explanation, but their consistency aids the hypothesis of a distinction between typical gamma ray bursts from presumed nearby so\!rces and transients from distant supernova remnants.
Considering the physical properties of the observable surface of the emission, rather than the parent emission process within, recent calculations by Ramaty and coworkers (previewed in these Proceedings) indicate that the self-absorption in the incredibly high photon density near the source is not only consistent with the inferred intrinsic intensity but in fact both requires the presence of an annihilation line and fits the obser~ed shapes of the red-shifted line component and the high-intensity continuum radiation. Given these results, and a release from the suppoeition that the source intensity cannot fit the 55 kpc distance to N49, we are no longer constrained to consider the N49 source identification as unlIkely, at the least. In fact, several other correlations can be inferred. (Jacobson et al., 1978) .
High Directional Resolution Studies
Several gamma-ray bursts that have been detected with the interplanetary gamma-ray burst network, in addition to the unusual ~~rch 5 transient, have source directions that are being currently determined to high precision. It is outside the recently been optically scrutinized,as has that of the N49 region (Fishman et al., these Proceedings). They report that no objects other than main-sequence and therefore uninteresting stars have been found in the November 19 field, and that the stars in the March 5 field are also at the distance of the LMC. It is also the case that our computerized searches through catalogs of the source locations of ~ray transients, pulsars, supernova remnants, or other possible candidates have produced no success, as yet, for the 1978-9 events of typical burst character.
The Einstein Observatory (HEAO-B) is presently in orbit, functioning as the r first high-sensitivity, high-resolution focussing x-ray telescope in history;
this observatory is progra~~~ble to study sources of interest to arc-second reso1u-tion, and has the sensitivity to observe sources many orders of magnitude weaker than previously discernible. A guest investigator program exists to acc~mmodate research projects of a variety of purposes, in complete analogy to those of traditional, ground-based astronomical observations. Our consortium proposal to survey the source regions of accurately located gamma ray bursts was recently accepted. The consortium members are presently determining the maximum number of high-precision source fields for scheduling in that program before the orbit The gamma ray burst network, it is hoped, will ultimately provide several tens of accurately triangulated source fie1ds,a.s well as many time histories, spectra and related measurab1es. these Proceedings). the similar feature and the nuclear iron line in the November 1979 burst (Teegarden and Cline, these Proceedings) and the family of lines with similar redshifts in the slow transient of June 10, 1914 (Jacobson et al., 1978 indicate that these three distinctly different kinds of gamma ray transients may ;r-1BII--------------------------~ -----.------------------------
..... The Goddard program of gamma ray burst studies is briefly reviewed. The past results, present status and future expectations are outlined regarding our endeavors using experiments on balloons, I~W-6 and -7, OGO-3, ISEE-1 and -3, He1ios-2, Solar }~ximum Mission, the Einstein Observatory, Solar Polar and the Gamma Ray Observatory, and with the interplanetary gamma ray burst netowrks, to which some of these speacecraft sensors contribute. Additional emphasis is given to the recent discovery of a new type of gamma ray transient, detected on 1979 March 5. 
